We argue that the discovery of neutrino mass effects at super-Kamiokande implies a clear logical chain leading from the Standard Model, through the MSSM and the recently developed minimal left right supersymmetric models with a renormalizable see-saw mechanism for neutrino mass, to left right symmetric SUSY GUTS: in particular, SO(10) and SU(2)Ä¢ SU(2)Ê¢ SU(4) . The progress in constructing such GUTS explicitly is reviewed and their testability/falsifiability by lepton flavour violation and proton decay measurements emphasized. SUSY violations of the survival principle and the interplay between third generation Yukawa coupling unification and the structurally stable IR attractive features of the RG flow in SUSY GUTS are also discussed.
Introduction
This workshop is proceeding on the morning of the new millenium in the shadow of the towering cranes of a mammoth construction project. Thus it is entirely appropriate to review the progress in the ongoing 'petaproject' of the 'palazzo GUT' whose patroness (the santissima SUSY) has after 20 years of fervid courtship/worship still not lost her charisma for the high energy theory community. Although several 'sky-high' colonne of the SUSY-GUT palazzo are now firmly in place (force and third generation Yukawa unification, matter unification and the neutrino mass unification mass connection (nozze dei neutrini)) il palazzo manca tetto e muri (the palace still lacks a roof and walls). Thus it is still open to the gales of speculation habitual in its clime. On the other hand the discovery of neutrino mass effects at super-Kamiokande in the 100 milli eV range have made ÄÊ supersymmetric models and their GUT relatives hot favourites for a direct look through the windows of the palazzo. Finally, progress has been made in the last years of the millenium in identifying the characteristic doors through which we may enter the palazzo of SUSY unification: namely the generic signals provided by lepton flavour violation and proton decay. The questions of fermion masses of the first and second generations, fermion mixings etc are the walls and services of the palace whose emplacement is an open project for the new millenium.
In a recently published review talk I have covered the connections between the MSSM with Ê parity and ÄÊ supersymmetric unification in prolix detail [1] . On the other hand that review devoted little attention to the progress in understanding the gross features of Charanjit S Aulakh the fermion mass spectrum and the generic lepton flavour violating signals for SUSY unification. Therefore the main points of the previous talk are here related telgraphically and the freed space used to discuss fresh topics within the space limitations imposed. My notations, abbreviations and conventions are those of that article [1] and will not be repeated here.
Let us begin with the implications of the super-Kamiokande discovery of beyond SM effects [2] . In the SM, neutrino mass can be introduced only via the non-renormalizable operator´À Ý Äµ ¾ Å. The presence of the scale Å indicates new physics beyond the SM.
Super-Kamiokande data interpreted as evidence of tau neutrino mass ½¼ ½ eV implies the scale of the new physics leading to neutrino mass is Å ½¼ ½ ¦¼ GeV. Such a large scale can be plausibly separated from the electroweak scale by the introduction of supersymmetry which can prevent quadratic corrections ( Å ¾ ) to light boson masses.
Thus one may argue that the heirarchy problem is no longer the hypothetical one posed by GUTs but is now posed by the SM and the super-Kamiokande data! Since it offers an appealing and flexible escape route from the heirarchy problem, SUSY has enjoyed a 20 year old vogue that shows no sign of abating. There are good reasons for this fascination. As reviewed in detail in [1] it was predicted (in 1982!) [3, 4] that only SUSY unification would be compatible with the data if it turned out that the top quark mass and Weinberg angle were as large as they were ultimately found to be (i.e Ñ Ø ¾¼¼ GeV and × Ò ¾ Ï ¼ ¾¿). This has been strikingly vindicated by the precise EW data accumulated by LEP I and II. Furthermore the larger value of the unification scale in the SUSY case explains why baryon decay has not long been seen. Successful and unique gauge unification by minimal SUSY GUTs constitutes the first pillar of the 'Palazzo SUSY' and was the reason for the refocussing of interest on GUTs from the beginning of the nineties [5] .
The unification of gauge couplings naturally begs for an explanation via spontaneous symmetry breaking of a larger GUT gauge symmetry in which the electroweak-QCD physics is embedded. The canonical and minimal possibilities for the GUT gauge symmetry are the Pati-Salam symmetry ¾¾ È Ë SU(2) Ä ¢ SU(2) Ê ¢ SU(4) and SU (5) and also the rank 5 group Spin(10) (SO(10) with fermions) in which both can be embedded. Spin(10) is also minimal in that it is a simple gauge group which unifies the fermions of the SM, together with the right handed neutrino needed to explain neutrino mass effects convincingly, in a single irrep. It can accomodate several different breaking chains by use of appropriate Higgs multiplets and shall be the favoured model of this review.
The singular properties of the neutrino (it is the only neutral fermion of the SM, it is bereft of a chiral partner, and its minimal mass operator -the operator aboveviolates the anomaly free global Ä symmetry of the SM), the indications of its mass found by super-Kamiokande as well as the explanation of the solar neutrino deficit via neutrino oscillations all obtain a natural and elegant explanation in terms of a 'see-saw' between the neutrino and its righthanded partner [6] . The extra field Ê is naturally and necessarily present in LR symmetric GUTs where the maximal parity violation of the SM is viewed as arising from spontaneous breaking of a parallel SU(2) Ê symmetry present at high energies. The 'fatso' scale of the seesaw is moreover precisely the scale Å Ä at which the gauged Ä symmetry of ÄÊ models breaks to the weakly violated global symmetry of the SM. Explicitly, the presence of Ð £ Ê allows one to write the mass term and Yukawa interaction (absent in the SM) aś Å µ Ä Ä · À Ý Ä Ä
(1)
